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OPTICAL PICKUP WITH DUAL FOCAL LENGTH 
BACKGROUND OF THE INVENTION 

[0001] 

[FIELD OF THE INVENTION] 

This invention relates to an optical pickup which 
irradiates a laser light focused on a recording face in an 
internal layer of an optical disk and on a front surf ace of 
the optical disk, and to an optical disk recording apparatus 
equipping such an optical pickup. 

[0002] 
[PRIOR ART] 

There have conventionally been dedicated printers 
capable of printing desired information on a label surface of 
an optical disk, Also, such . printers have been available 
that can print information not only on paper but also can 
print information on the label surface o£ an optical disk by 
use of a dedicated cartridge* Moreover, some optical disks 
have plain label surfaces without brand names or the like 
written thereon. A coating that stabilizes ink immediately 
after printing is applied to such optical disks. 
[0003] 

Users can use the optical disks and printers mentioned 
above to print desired visual information such as contents 
information about data recorded in the optical disk on the 
label surface of the optical disk. Accordingly, the users 
can easily recognize recorded contents In the optical disk 
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anytime by checking the legible information printed on the 
label surface without playing back the optical disk on a 
reproducing device . 
[0004] 

However, after data is recorded into the optical disk 
by an optical disk recording apparatus , the optical disk must 
be taken out and set in the printer mentioned above. Such 
handling poses a problem that this operation is troublesome 
to the users. 
[0005] 

Consequently, an apparatus is proposed which integrates 
the printer and the optical disk recording apparatus, and not 
only records data into a recording face of an optical disk 
but also can print desired information on the label surface 
of the optical disk in which the data has already been 
recorded • 
[0006] 

However, problems of such recording and printing 
apparatus are a complicated configuration and a high price 
because the apparatus has a size larger than that of the 
conventional optical disk recording apparatus owing to the 
configuration in which the printer and the optical disk 
recording apparatus are integrated as described above. 
Another problem is a trouble of maintenance since the ink 
needs to be replenished if the printer adopts an ink jet 
method, and a nozzle from which the ink is discharged needs 
to be cleaned when the printer has not been used for a long 
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time . 



SUMMARY OF THE INVENTION 

[0007] 

An object of the present invention is therefore to 
provide an optical pickup which not only records data into a 
recording face of an optical disk but also can form a desired 
image on a. label surface of the optical disk, and an optical 
disk recording apparatus equipping with such an optical disk. 
[0008] 

This invention comprises the following constitution as 
a means of solving the above problems. 
[0009] 

(1) An optical pickup wherein a laser light is 
condensed by an objective lens movable in a thickness 
direction of an optical disk to apply the condensed light to 
the optical disk, characterized in that 

a total movable range of the objective lens is set to 
be equal to or more than a sum of an allowance range where 
the objective lens moves to keep a constant distance between 
the objective lens and a recording face even if the optical 
disk undergoes up and down fluctuation when the laser light 
is focused on the recording face in an internal layer of the 
optical disk, and an additional range obtained by dividing a 
distance from a substrate surface to the recording face of 
the optical disk by an absolute refraction index of a optical 
disk substrate. 
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[0010] 

According to the present invention , the optical pickup 
is used to record data into the recording face of the optical 
disk. Further, in a state where a recording face side and a 
label surface side of the optical disk are set upside down, 
the optical pickup can also be used to form a desired image 
on a label surface of the optical disk, which is coated with 
a special paint. The laser light irradiated from the optical 
pickup is focused [1] on the recording face in the internal 
layer of the optical disk, and is focused [2] on the label 
surface when the optical disk are set upside down. In both 
the cases [1] and [2], the movable range is set so that the 
optical pickup follows a focusing servo control without 
difficulty, in the present invention* 
[0011] 

Therefore, the movable range of the objective lens in 
the optical pickup of the present invention is constituted as 
described below . First, the movable range is set to be the 
same in both the cases [1] and [2] to deal with the level 
fluctuation of the optical disk. This is possible because an 
amount of level fluctuation of the optical disk is the same 
even if the surfaces of the optical disk are set upside down* 
[0012] 

Next, for the case of [2], the additional range 
obtained by dividing the distance between the recording face 
and substrate surface of the optical disk by the absolute 
refraction index of the optical disk substrate is added to 
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the movable range of [1]. This distance is broadly 
equivalent to a distance between a position of the objective 
lens when the laser light is focused on the recording face in 
the internal layer of the optical disk, and another position 
of the objective lens when the laser light is focused on the 
label surface of the optical disk with the surfaces of the 
optical disk set upside down. The total movable range of the 
objective lens is set to be equal to or more than a sum of 
the movable range set for the level fluctuation of the 
optical disk and the movable range set to change a focus 
position of the laser light. In this way, the objective lens 
can be moved from a position when the laser light is focused 
on the recording face in the internal layer of the optical 
disk to another position when the laser light is focused on 
the label surface of the optical disk. 
[0013] 

As described above, with the use of the optical pickup 
of the present invention, data is recorded into the recording 
face of the optical disk considering the level variation of 
the surface. Further, in a state where the recording face 
side and label surface side of the optical disk are set 
upside down, the optical pickup can also be used to form a 
desired image on the label surface of the optical disk to 
which the special paint that forms colors when irradiated 
with the laser light is applied. 
[0014] 

(2) When a first base point is a position at which the 
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objective leas condenses the laser light to be focused on the 
recording face in the internal layer of the optical disk and 
a second base point is another position at which the 
objective lens condenses the laser light to be focused on the 
substrate surface or a label surface of the optical disk, an 
inward movable range of the objective lens from the first 
base point to a side of the optical disk is about the same as 
an outward movable range of the objective lens from the 
second base point to a side opposite to the optical disk, 
[0015] 

When the surface of the optical disk has moved, an 
amount of level fluctuation of the optical disk is about the 
same whether the objective lens is positioned at the first 
base point or. the objective lens is positioned at the second 
base point. Therefore, the level fluctuation of the optical 
disk can be dealt with by setting the same movable range, 
whichever position the objective lens is set. As a result, 
the laser light can always be focused on the moving recording 
face in the internal layer of the optical disk, and also the 
laser light can always be focused on a moving front surface 
of the optical disk. 
[0016] 

(3) An optical recording apparatus are provided with 
an optical pickup set forth in (2) In the apparatus, a 
focusing servomechanisra controls the optical pickup so that 
the optical pickup performs focusing servo in one of areas 
extending from the first base point and the second base point. 
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An input section is provided for selecting the area to 
perform the focusing servo, and a control section is provided 
for setting the area where the focusing servomechanism 
performs the focusing servo in accordance with an input 
content from the input section. 
[0017] 

In this configuration, when a user inputs one of the 
areas extending from two different points from the input 
section, the control section sets the area to perform the 
focusing servo for the focusing servomechanism. In this way, 
the optical pickup can perform focusing in the set area under 
the control of the focusing servomechanism. 
[0018] 

(4) When the area extending from the second base point 
is selected as a focusing depth area by the input section, 
the control section makes the optical pickup irradiate a 
laser light based on a laser light irradiation pattern for 
forming an image on a label, surface of an optical disk. 
[0019] 

When the user selects an area extending from a position 
at which the objective lens condenses the laser light to be 
focused on the front surface of the optical disk as an area 
for the optical disk recording apparatus to perform focusing 
servo, it is possible for the control section of the optical 
disk recording apparatus to perform the focusing servo. 
Further, the optical pickup can be made to irradiate the 
laser light based on a laser light irradiation pattern for 



forming an image on the label surface. Therefore, in the 
case of a recording- type optical disk in which the special 
paint that forms colors when irradiated with the laser light 
is applied on the label surface, data can be recorded onto 
the recording face by setting the recording face to face the 
optical pickup. Further, an image can be formed on the label 
surface by setting the label surface to face the optical 
pickup * 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a block diagram showing a configuration of an 

optical disk recording apparatus in accordance with an 

embodiment of the present invention. 

FIGS. 2(A) through 2(C) are diagrams showing a 

positional relationship between an objective lens and an 

optical disk. 

FIGS • 3(A) and 3(B) are diagrams showing formed images 
in a polar coordinate system and source images in an 
orthogonal coordinate system, respectively. 

FIG. 4 is ax* image diagram in which the image is 
converted from the orthogonal coordinate system to the polar 
coordinate system „ 

FIG. 5 is a flowchart for describing the operation of 
the optical disk recording apparatus. 

FIGS. 6(A) through 6(D) are display examples of an 
image production program. 

FIG. 7 is a block diagram showing a structure of the 
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optical pickup. 



DETAILED DESCRIPTION OF THE INVENTION 

[0020] 

An optical pickup and an optical disk recording 
apparatus in accordance with an embodiment of the present 
invention will be described below- FIG. 1 is a block diagram 
showing a configuration of the optical disk recording 
apparatus in accordance with the embodiment of the present 
invention. As shown in FIG. 1. an optical disk recording 
apparatus 1 in accordance with the embodiment of the present 
invention has a configuration in which an optical disk drive 
2 is connected to a host computer 3 . The optical d±sk drive 
2 comprises a feed motor 8, a guide rail 9, an optical pickup 
10, a spindle motor 11 , an RF amplifier 12, a servo circuit 
13, an address detection circuit 14 , a decoder 15, a control 
section 16, an encoder 17 , a strategy circuit 18, a laser 
driver 19, a laser power control circuit 20, a frequency 
generator 21, an envelop detection circuit 22 f a B detection 
circuit 24, a storage section 25, a buffer memory 26, and a 
laser irradiation pattern conversion circuit 27. The host 
computer 3 comprises a display section 4, an input section 5, 
a main storage section 6, and a main control section 7. 
[0021] 

The feed motor 8 is a motor which supplies a driving 
force to move the optical pickup 10 in a radial direction of 
an optical disk D. 
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[0022] 

The guide rail 9 supports the optical pickup 10 so that 
the optical pickup 10 moves ixx the radial direction of the 
optical disk D. 
[0023] 

The spindle motor 11 is a motor which rotationally 
drives the optical disk D into which data is to be recorded. 
An end portion of a rotary shaft of the spindle motor 11 is 
provided with an unshown optical disk holding mechanism 
comprising a turn table or the like for holding (chucking) 
the optical disk D _ 
[0024] 

The optical pickup 10 comprises an optical system such 
as a laser diode/ lenses and mirrors; a returning light 
(reflected light) receiving element; a focus servomechanism 
and the like* The optical pickup 10 applies a laser light to 
the optical disk D during recording and reproducing, and 
forms pits to record data. Further / receiving a light 
returning from the optical disk D, the optical pickup 10 
outputs an EFM^modulated RF signal, which is a light 
reception signal , to the RF amplifier 12. In addition, the 
focus servomechanism is a servomechanism to keep a constant 
distance between an objective lens of the optical pickup 10 
and a data recording face in an internal layer of the optical 
disk D. Moreover, the optical pickup 10 comprises a monitor 
diode, and by receiving part of a laser light emitted by the 
laser diode , a current is produced in the monitor diode, and 
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then this current is supplied to the laser power control 
circuit 20. 
[0025] 

The frequency generator 21. detects a relative position 
signal of the optical disk D output by the spindle motor 11, 
so as to output a signal for detecting a rotation angle and 
rotation speed of the optical disk D to the servo circuit 13 . 
[0026] 

The RF amplifier 12 amplifies the EFM-modulated RF 
signal supplied from the optical pickup 10, so as to output 
the amplified RF signal to the servo circuit 13, address 
detection circuit 14, envelop detection circuit 22, B 
detection circuit 24 and decoder 15. 
[0027] 

During reproduction, the decoder 15 EFM- demodulates the 
EFM-modulated RF signal supplied from the RF amplifier 12 to 
generate reproduction data, and outputs it to the data 
storage circuit 25 ♦ During data recording, the decoder 15 
EFM-deraodulates the RF signal supplied from the RF amplifier 
12 when reproducing from an area in which data is recorded by 
test recording. 
[0028] 

The address detection circuit 14 extracts a wobble 
signal component from the EFM signal supplied from the RF 
amplifier 12, and decodes time information of positions 
contained in this wobble signal component (address 
information) , identification information for identifying the 
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optical disk D (disk ID) and information indicating a kind of 
disk such as a pigment on the optical disk D, and then 
outputs them to the control section 16. In addition, the 
time information of positions contained in the wobble signal 
component (address information), identification information 
for identifying the optical disk D (disk ID) and information 
indicating a kind of disk such as a pigment on the optical 
disk are also referred to as ATIP (Absolute Time In 
Pregroove) . 
[0029] 

The /3 detection circuit 24 calculates fi (asymmetry) as 
parameters concerning a quality level of the reproducing 
signal from the RF signal supplied from the RF amplifier 12 
when reproduction is performed in the test recorded area of 
the optical disk D, and outputs the calculation result to the 
control section 16. Here, it is possible to obtain S by B = 
(a+b)/(a-b) in which a is a peak level (sign is +) in an 
EFM-modulated signal waveform and b is a bottom level (sign 
is - ) . 

[0030] 

Before applying the test recording to the optical disk 
D, the envelop detection circuit 22 detects an envelope of 
the efm signal in a count area of the optical disk D 
mentioned above in order to detect which part of the test 
area of the optical disk D to start the test recording in. 
[0031] 

The servo circuit 13 performs rotation control of the 
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spindle motor 11, focus control (focusing servo) and tracking 
control (tracking servo) of the optical pickup 10 , and feed 
control of the optical pickup 10 by means of the feed motor 8 . 
[0032] 

Here, the optical disk recording apparatus 1 in 
accordance with the present embodiment can switch between a 
CAV (Constant Angular Velocity) method in which the optical 
disk D is driven at a constant angular velocity and a CLV 
(Constant Linear Velocity) method in which the optical disk D 
is driven at a constant linear velocity, during recording. 
Therefore, the servo circuit 13 switches between the CAV 
method and CLV method in accordance with a control signal 
supplied from the control section 16 . In the case of CAV 
control, the servo circuit 13 controls the spindle motor 11 
so that the rotation speed of the spindle motor 11 detected 
by the frequency generator 21 corresponds to a set rotation 
speed. In the case of CLV control, the servo circuit 13 
controls the spindle motor 11 so that the wobble signal 
component in the signal supplied from the RF amplifier 12 
becomes equivalent to a set linear velocity ratio. 
[0033] 

The encoder 17 EFM-modulates recording data output from 
the main control section 7 and outputs it to the strategy 
circuit 18 . The strategy circuit 18 applies time axis 
correction processing or the like to the efm signal from the 
encoder 17, and outputs it to the laser driver 19. The laser 
driver 19 drives the laser diode of the optical pickup 10 in 
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response to a signal modulated in accordance with the 
recording data supplied from the strategy circuit 18 and to a 
control signal of the laser power control circuit 20. 
[0034] 

The laser power control circuit 20 controls power of 
the laser light emitted from the laser diode of the optical 
pickup 10. More specifically, the laser power control 
circuit 20 controls the laser driver 19 on the basis of a 
current value output from a monitor diode of the optical 
pickup 10 and information indicating a targeted value of 
optimum laser power transmitted from the control section 16 
so that the laser light with the optimum laser power is 
irradiated by the optical pickup 10. 
[0035] 

The control section 16 is constituted of a CPU, a ROM, 
a RAM and the like, and controls each section of the optical 
disk recording apparatus 1 in accordance with a program 
stored in the ROM to record data and form a visible image on 
the optical disk. It also reproduces the data recorded in 
the optical disk. The control section 16 further performs 
self -adjustment of the servo to identify the kind of set 
optical disk for recording, and outputs predetermined signals 
to the servo circuit 13, laser power control circuit 20 and 
encoder 17, respectively. When these signals are output, the 
optical pickup 10 moves to a predetermined position, and 
applies the laser light to the optical disk for recording to 
record data. When the data recorded in the optical disk is 
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checked and reproduced and when a position of the optical 
disk where a recording error Is caused is detected, for 
example , the light receiving element of the optical pickup 10 
receives a returning light of the irradiated light, and thus 
outputs an electrical signal corresponding to the amount of 
received light to the RF amplifier 12. The RF amplifier 12 
amplifies this signal, and thus outputs it to the decoder 15, 
JB detection circuit 24, address detection circuit 14 and 
envelop detection circuit 22. On the basis of the signals 
from these circuits, the control section 16 performs the 
processing mentioned above. 
[0036] 

The storage section 25 stores data previously obtained 
by conducting experiments or the like and firmware of the 
optical disk recording apparatus 1. for example. 
[0037] 

The buffer memory 26 temporarily stores visible image 
forming data transferred from the main control section 7, and 
outputs it to the laser irradiation pattern conversion 
circuit 27. The laser irradiation pattern conversion circuit 
27 converts the image forming data into a laser irradiation 
pattern, and outputs it to the laser driver 19. In addition, 
in a configuration in which the image forming data is 
converted into the laser irradiation pattern by the main 
control section 7, the buffer memory 26 and laser irradiation 
pattern conversion circuit 27 are unnecessary . 
[0038] 
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The display section 4 of the host computer 3 displays 
the signal quality level of the data recorded in the optical 
disk D and information to be sent from the optical disk 
recording apparatus 1 to a user, for example . The input 
section 5 is used by the user to perform various controls and 
operations on the optical disk recording apparatus 1. The 
main storage section 6 stores a program for performing data 
processing with regard to the image that is to be recorded 
onto the label surface of the optical disk D by the optical 
disk drive 2, and image recording data which is information 
for recording the image on the label surface of the optical 
disk. The main control section 7 controls each section of 
the optical disk recording apparatus to record, check and 
reproduce data and to record images. 
[0039] 

Next, a detailed configuration and operation of the 
optical pickup 10 will be described. FIGS- 2(A), 2(B) and 
2(C) axe diagrams showing a position relationship between the 
objective lens and the optical disk. The optical pickup 10 
of the optical disk recording apparatus 1 of the present 
Invention can select one of areas extending from two 
different points to achieve the focusing servo* More 
specifically, as shown in FIG. 2(B), when the laser light is 
focused on the recording face of the optical disk D, an 
objective lens 31, which condenses the laser light, is moved 
in a thickness direction of the optical disk around a 
position 41 (hereinafter referred to as a first base point) 
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of the objective lens 31, thereby enabling the focusing servo. 
Further, as shown in FIG. 2(C), when the laser- light is 
focused on a front surface of the optical disk D, the 
objective lens 31 , which condenses the laser light, is moved 
in a thickness direction of the optical disk around a 
position 42 (hereinaf ter referred to as a second base point) 
of the objective lens 31 , thereby enabling the focusing servo. 
In addition, a focusing area 51 (hereinafter referred to as a 
first area) from the first base point and a focusing area 52 
(hereinafter referred to as a second area) from the second 
base point are both set to have about the same distance 
(range), considering level fluctuation and warping of the 
optical disk D when rotated • For example, the first area 51 
and the second area 52 are set to ± 0.8 mm, in the examples 
shown in FIGS. 2(A) - 2(C). 
[0040] 

Furthermore, the optical pickup 10 can move the 
position of the objective lens 31 to the first base point 41 
and the second base point 42 by means of the focusing 
servomechanism, by a predetermined input from the input 
section 5 of the host computer 3 . 
[0041] 

Therefore, the total movable range of the objective 
lens 31 of the optical pickup 10 is set to be equal to or 
more than a sum of a distance (range) on a side of the 
optical disk in the first area 51, a distance (range) on a 
side opposite to the optical disk in the second ajcea 52, and 
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a distance obtained by dividing a distance between the 
recording face and a polycarbonate substrate surface of the 
optical disk by an absolute refraction Index (= 1.584) of 
polycarbonate. In addition,, the distance obtained by 
dividing the distance between the recording face and the 
polycarbonate substrate surface of the optical disk by the 
absolute refraction index 1.584) of polycarbonate is an 
optical path length in the air converted from an optical path 
length in the optical disk substrate through which the laser 
light travels from the front surface to the recording face of 
the optical disk. In the examples shown in FIGS. 2, the 
distance (range) on the side of the optical disk in the first 
area 51 , the distance (range) on the side opposite to the 
optical disk in the second area 52 are both 0.8 mm. Moreover, 
a length obtained by dividing a length (1.2 mm) between the 
recording face and the polycarbonate substrate surface of the 
optical disk by the absolute refraction index (= 1.584) of 
polycarbonate is about 0.7 6 mm. Therefore, the total movable 
range of the objective lens 31 is about 2.4 mm (^ 2.36 mm), 
[0042] 

In addition, the distance (range) on the side of the 
optical disk in the first area 51 is set so that the 
objective lens 31 does not contact the front surface of the 
optical disk even if the level of the optical disk varies 
when rotationally driven. 
[0043) 

Furthermore, it is preferable that a designer of the 
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optical disk recording apparatus 1 set the movable range of 
the objective lens 31 on the side opposite to the optical 
disk D to be more than double the movable range to the side 
of the optical disk D. when the first base point 41 is em 
initial position (also referred to as a home position or 
neutral position) of the objective lens 31 of the optical 
pickup 10 , as shown in FIG. 2(A). As a result, the optical 
pickup 10 of the present invention may be newly designed, but 
can easily be obtained by modifying the design of a 
conventional optical pickup which designates only the first 
area as the movable range so as to extend the movable range 
in a direction opposite to the optical disk. 
[0044] 

The optical pickup 10 of the present invention performs 
focusing in the first area 51 and thus forms pits by applying 
the laser light to the recording face in the internal layer 
of the optical disk similarly to the conventional optical 
pickup, thereby achieving recording of desired data. Further, 
the optical pickup 10 of the present invention performs 
focusing in the second area 52 and then applies the laser 
light to a label layer on \the front surface of the optical 
disk, which is not accomplished in the conventional optical 
pickup, and thus can form an image representing desired 
information a label surface of the optical disk to which a 
special paint is applied. Images such as characters, symbols, 
drawings or pictures associated with the data recorded in the 
optical disk D can be formed as the desired information. 
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Naturally , images of information that is not associated with 
the data recorded in the optical disk D may also be formed. 
[0045] 

Here, a reflected light of the laser light applied to 
the label surface by the optical pickup 10 is weaker than a 
reflected light of the laser light applied to the recording 
face* This is because, in the case of a CD-R, for example, a 
lower layer of the recording face {organic dye layer) is 
provided with a reflection layer formed of a metal (such as 
gold, silver or aluminum) , but the label surface is not 
provided with such a reflection layer. Therefore, when the 
optical disk recording apparatus 1 performs focusing in the 
second area 52 to apply the laser light to the label surface 
of the optical disk, it is necessary to increase a light 
receiving gain so that a focusing error should not occur- In 
other words, regarding an AGC (Auto Gain Controller) of the 
optical disk recording apparatus, it is necessary to set a 
adjustment range of the AGC wide so that tbe gain can be 
adjusted when performing focusing in tbe first area and when 
performing focusing in the second area, and to provide such a 
configuration that enables the gain to be switched depending 
on the area where focusing is performed. 
[0046] 

In order to form an image on the label surface of the 
optical disk D by means of the optical disk recording 
apparatus 1 of the present invention, it is necessary to use 
an optical disk in which the special paint is applied to the 
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label surface as described above. Those materials used as 
this special paint would be, for example, a photosensitive 
agent which is photosensitized and forms colors when 
irradiated with the laser light, a heat sensitive agent which 
is sensitized to heat and forms colors when irradiated with 
the laser light, or a micro -encapsulated paint whose capsule 
melts with laser heat and which forms colors with a paint . 
contained in the capsule that flows out when irradiated with 
the laser light. The user of the optical disk recording 
apparatus 1 of the present invention can use such an optical 
disk to form the image representing the desired information 
on the label surface of the optical disk. 
[0047] 

Next, an operation of the optical disk recording 
apparatus 1 of the present invention will be described where 
an image is formed on the label surface of the optical disk. 
FIGS - 3 are diagrams showing source images in an orthogonal 
coordinate system, and source images in a polar coordinate 
system for image formation. The optical disk recording 
apparatus 1 irradiates the laser light from the optical 
pickup 10 used for recording data into the recording face of 
the optical disk while rotating the optical disk, thereby 
forming an image on the label surface of the optical disk D. 
Therefore, as the laser irradiation pattern for an image to 
be formed on the optical disk D, the optical disk recording 
apparatus 1 uses one based on the image in the polar 
coordinate system, as shown in FIG, 3(A) . 
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[0048] 

Here, Images generally handled by computers or the like 
axe the Images in the orthogonal coordinate system as shown 
in FIG. 3(B), not the images in the polar coordinate system. 
Therefore, the optical disk recording apparatus 1 converts 
image data in the orthogonal coordinate system into image 
data in the polar coordinate system, and applies the laser 
light while rotating the optical disk on the basis of the 
image data (image formation data) in the polar- coordinate 
system, thereby producing data (hereinafter referred to as 
serial data) in which laser irradiation pattern data for 
forming an image are continuously tied. On the basis of this 
serial data, the image is formed on the label surface of the 
optical disk D from a designated position to start recording 
(Ro* 0o>- 

[0049] 

For example, the optical disk recording apparatus 1 
produces the image formation data at the main control section 
7 on the basis of image data in a bmp (bit map) format that 
is an example of the image data in the orthogonal coordinate 
system. FIG. 4 is an image diagram in which an image is 
converted from the orthogonal coordinate system to the polar 
coordinate system. First, to enable a predetermined 
gradation expression when the image is formed, intensity of 
the irradiation power of the laser light is adjusted in 
accordance with the gradation, and dither processing is 
applied to the image in the bmp format, for example. The 
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dither processing Is a method of expressing color thickness 
by changing distribution and density of dots. Next, the 
dither-processed image in the bmp format Is placed on polar 
coordinates, in which optional one point is decided, so as to 
convert the Image data in the bmp format into the image data 
in the polar coordinate system. In other words, with a lower 
right corner (x, y) = (X 0 , Y 0 ) of the image in the orthogonal 

coordinate system as a reference point as shown in FIG. 4, 
the image data is converted on the basis of an equation as 
follows r 

r = /" (X^ + y2), 6 = tan-1 (Y / X) 
Further, the image data in the polar coordinate system is 
converted into serial data, in order for the optical disk 
recording apparatus 1 to form the image by applying the laser 
light to the optical disk. On the basis of the serial data 
thus produced, the optical disk recording apparatus 1 applies 
the laser light to* the position designated to start recording, 
thereby forming the image on the label surface of the optical 
disk. 

[0050] 

In addition, in the optical disk drive 2, a feed amount 
(e.g., 8 Mm) in a radial direction of the optical disk of 
the optical pickup 10 is larger for the label surface of the 
optical disk than a pitch (1.6 Mm) of a pregroove formed on 
the recording face of the optical disk, and if the laser 
light is irradiated with that feed amount to form the image, 
density of pixels formed on the label surface becomes low. 
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Therefore, ±n the optical disk recording apparatus 1, the 
optical pickup is vibrated with predetermined amplitude in 
the radial direction of the optical disk on a predetermined 
cycle or on every varied cycle, so that the laser light is 
applied to the same circumference a plurality of times. In 
this way, since the laser light can be applied to different 
positions on the same circumference, density of the image 
formed on the label surface can be high. 
[0051] 

Next, the operation of the optical disk recording 
apparatus of the present invention will be described in 
accordance with a flowchart . FIG . 5 is a flowchart for 
describing the operation of the optical disk recording 
apparatus. When forming an image on the label surface of the 
optical disk, the user first sets an image to be formed on 
the label surface by the optical disk recording apparatus 1. 
More specifically, a desired image is formed by using an 
image production program installed on the host computer 3. 
The image formation data is produced in the following 
procedure. FIGS. 6 .show display examples of the image 
production program. First, the user selects an icon 61 of 
the image production program displayed on the display section 
4 of the optical disk recording apparatus 1 as shown in FIG- 
6(A), thereby performing a starting operation of the image 
production program. Detecting this operation, the main 
control section 7 of the optical disk recording apparatus 1 
reads and starts the image production program stored in the 
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main storage section 6 (si). As shown in FIG- 6(B) , the main 
control section 7 makes the display section 4 display a 
display 62 which prompts the user to set an optional 
character, drawing (image data in the orthogonal coordinate 
system) or the like to be formed as an image on the optical 
disk (s2). In accordance with the display , the user sets an 
image 63 such as the optional character or drawing to be 
recorded as an image on the optical disk, as shown in FIG* 
6(C), At this point, the user may input an optical character 
from the input section 5 , or may start other image production 
software to produce the optional image and use this image* 
Further, character data or image data stored in the storage 
section 6 of the host computer 3 may be read. Still further, 
character data or image data may be obtained from Web sites 
on the Internet. 
[0052] 

When the source image 63 is set (s3)„ the optical disk 
recording apparatus 1 makes the display section 4 display the 
image 64 in which the set image data of the bmp format is 
superimposed on the image of the optical disk, as shown in 
FIG. 6(D) (s4). The main control section 7 makes the display 
section 4 display an image 65 to ask the user whether or not 
to edit the image (s5). When satisfied with the image after 
formed which is displayed on the display section 4, the user 
selects a decision button displayed on the display section 4, 
thereby directing the optical disk recording apparatus 1 to 
produce image formation data. On the other hand, when there 
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is a problem with the image after formed which is displayed 
on the display section 4 . the user changes an image forming 
position or adjusts a size of the image, thereby processing 
the displayed image (s6). Finishing the adjustment, the user 
selects the decision button , and thus directs the optical 
disk recording apparatus 1 to produce the image formation 
data. 

[0053] 

When directed to produce the image formation data by 
the user, the main control section 7 of the optical disk 
recording apparatus 1 converts the image data in the 
orthogonal coordinate system set by the user into the image 
data in the polar coordinate system,, for example (s7) . On 
the basis of the image data in the polar coordinate system, 
the main control section 7 then produces serial data in which 
irradiation pattern data of the laser light irradiated to 
form the image on the optical disk are continuously linked, 
and produces the image formation data from the serial data 
and information on the position to start forming the image 
(S8). 

[0054] 

After finishing the production of the image formation 
data, the main control section 7 transfers the image 
formation data to the optical disk drive 2. Further, the 
main control section 7 makes the display section 4 display a 
display which prompts the user to set the optical disk to 
form the image on the label surface (s9). Having confirmed 
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this display , the user sets the. optical disk in a manner that 
the label surface of the optical disk faces the optical 
pickup . 
[0055] 

Detecting that the optical disk is set (slO), the main 
control section 7 of the optical disk recording apparatus 1 
checks If the label surface of the optical disk is set to 
face the optical pickup. In other words , the main control 
section 7 makes the control section 16 output a signal for 
moving the objective lens 31 of the optical pickup 10 to the 
second base point to the servo circuit 13* On receipt of 
this signal, the servo circuit 13 controls the focusing 
servomechanism to move the objective lens 31 to the second 
base point, and sets the focusing servomechanism to 
accomplish the focusing servo in the second area. Further, 
the main control section 7 switches the gain of the AGC 
circuit provided in the RF amplifier 12 by the control 
section 16 to be suitable for the second area (sll). The 
laser light with low power, which is the same as that applied 
when the data is reproduced, is applied to the set optical 
disk, and thus a front and rear of the optical disk is 
determined by the power received from a reflected light (sl2). 
Since the recording face of the optical disk is set to face 
the optical pickup when the reflected light of the laser 
light has power more than predetermined power, the main 
control section 7 makes the display section 4 display a 
content to prompt the user to turn over and reset the optical 
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disk (sl3). Detecting tJiat the user has turned over the 
optical disk (sl4), the main control section 7 again performs 
the processing of sl2. 
[0056] 

On the other hand, since the label surface of the 
optical disk is set to face the optical pickup when the 
reflected light of the laser light has power below 
predetermined power,, the main control section 7 starts 
forming the image on the label surface of the optical disk. 
More specifically, the optical pickup is moved to the 
predetermined position to start recording the image , and then 
the laser light irradiation is started from that position on 
the basis of the serial data, thereby forming the image on 
the label surface of the optical disk (sl5)- 
[0057] 

After finishing the formation of the image, the main 
control section 7 makes the display section 4 display a 
content indicating that the image has been formed on the 
label surface of the optical disk (sl6). The processing is 
thus finished. Namely, the image formation program is used 
in the optical recording apparatus having a processor and the 
optical pickup for recording information in an optical disk 
formed of a substrate having a pair of major surfaces spaced 
from each other by a thickness of the substrate and a 
recording face interposed between the major surfaces. The 
program is executable by the processor for causing the 
optical recording apparatus to perform a method comprising 
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the steps of designating one of the recording face and the 
major surface as a target of recording information , servo- 
controlling the actuator of the optical pickup when the 
recording face is designated to move the objective lens 
around the first base point within the allowance range to 
focus the light spot on the recording face to thereby record 
the information in the recording face, and servo -controlling 
the actuator when the. major surface is designated to move the 
objective lens around the second base point within the 
allowance range to focus the light spot on the major surface 
to thereby record the information in the major surface. 
[00583 

The laser light is set to be focused on the label 
surface of the optical disk so as to form an image in the 
above description, which is not a limited case. Specifically, 
for example, when the special paint is applied along an outer 
periphery with a predetermined width to a substrate surface 
on the side of the recording face of the optical disk, an 
image can also be formed on the substrate surface on the side 
of the recording face of the optical disk by irradiating the 
laser light in a manner that the laser light is focused on 
the area where the paint is applied . 
[0059] 

The optical pickup 10 is a block radiating a laser 
beam to the optical disc D that is rotating, the detailed 
construction thereof being as shown in Fig* 7. As shown in 
the drawing, the optical pickup 10 includes a laser diode 102 
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that emits laser beams, a diffraction grating 104 , an optical 
system 110 for condensing a laser beam onto the optical disk 
D, and a light- receiving element 108 for receiving reflected 
( return ) light . 

The laser diode 102 is driven by a drive signal from 
the laser driver 19 (refer to Fig. 1), and emits a laser beam 
at the intensity based on the electric current value thereof* 
The laser beam emitted from the laser diode 102 is separated 
into a main beam and two sub-beams by the diffraction grating 
104, then the beams pass through a polarizing beam splitter 
111, a collimator lens 112 . a 1/4 wavelength plate 113 and an 
objective lens 114, which constitute an optical system 110, 
before they are condensed onto the optical disk D. 

Meanwhile. the three laser beams reflected off the 
optical disk D pass through the objective lens 114 , the 1/4 
wavelength plate 113 r and the collimator lens 112 again. The 
laser beams are reflected at the right angles through the 
polarizing beam splitter 111, and pass through a cylindrical 
lens 115 before entering the light -receiving element 108. 

A light -receiving signal Rv by the light -receiving 
element 108 is amplified by the RF amplifier 12 (refer to FIG. 
1), then supplied to the servo circuit 13 or the like. The 
light-receiving element 108 actually receives the main beam 
and the two sub-beams, respectively.. A detection area for 
receiving the main beam in the light -receiving element 108 is 
divided into four sections, and the light -receiving intensity 
of an optical image by the main beam is determined for each 
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detection area. For this reason, the light -receiving signal 
Rv is a generic term of the signals indicating the light - 
receiving intensities - 

The objective lens 114 is retained by a focus 
actuator 121 and a tracking actuator 122, and can be moved in 
the direction of the optical axis of a laser beam (the 
vertical direction) by the former and in the radial direction 
of the optical disk D (the horizontal direction) by the 
latter. 

The focus actuator 121 vertically moves the 
objective lens 114 in the optical axis direction by a focus 
coil, while the tracking actuator 122 horizontally moves the 
objective lens 114 in the radial dixection of the optical 
disk D by a tracking coil. 

A focus signal Fc from the servo circuit 13 (refer 
to FIG . i) is applied to both ends of the focus coil. Hence, 
the position of the objective lens 114 with respect to the 
optical axis direction r that is, the distance between a disk 
surface and the objective lens 114 , is cortroled by the 
voltage of the focus signal Fc. 

Similarly, a tracking signal Tr from the servo 
circuit 13 is applied to both ends of the tracking coil, so 
that the irradiation position of the laser beam with respect 
to the radial direction of the optical disk D is defined by 
the voltage of the tracking signal Tr. 

The optical pickup 10 has a front monitor diode (not 
shown) , and receives the laser beam emitted by the laser 
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diode 102, the current based on the light quantity thereof is 
supplied to a laser power control circuit 20 in FIG. 1. 

In the inventive optical pickup shown in FIG. 7, the 
light source 102 is provided for generating a laser light. 
The objective lens 114 condenses the laser light to form a 
light spot for irradiating the optical disk D formed of a 
substrate and having a pair of major surfaces spaced from 
each other by a thickness of the substrate and a recording 
face interposed between the major surfaces. The focus 
actuator 121 is provided for moving the objective lens 114 in 
a direction of the thickness of the optical disk D within a 
total movable range so as to focus the light spot on either 
of the recording face and the major surface. The total 
movable range of the objective lens is set to be equal to or 
more than a sum of an allowance range .and an additional range. 
The allowance range is set to allow the objective lens 114 to 
keep a constant distance between the objective lens 114 and 
the recording face even when a level of the optical disk D 
varies in the direction of the thickness* The additional 
range is set by dividing a gap between the major surface and 
the recording face of the optical disk D by an absolute 
refraction index of the substrate of the optical disk. 
[0060] 

According to the present invention, it is possible to 
obtain the following effects. 

(1) With the use of the optical pickup of the present ' 
invention, data is recorded into the recording face of the 
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optical disk: considering the movement of the disk: surface, 
and in further a state where the recording face side and 
label surface side of the optical disk are set upside down, 
the optical pickup can also be used to form a desired image 
on the label surface of the optical disk to which the special 
paint that forms colors when irradiated with the laser light 
is applied. 
[0061] 

(2) The laser light can always be focused on the 
moving recording face in the internal layer of the optical 
disk, and the laser light can always be focused on the moving 
front surface of the optical disk. 

[0062] 

(3) When the user designates one of the areas 
extending from two different base points from an input 
section, a control section sets the designated area to 
perform focusing servo for the focusing servomechanism, so 
that the optical pickup can perform focusing in the set area 
under the control of the focusing servomechanism. 

[0063] 

(4) In the case of a recording-type optical disk in 
which the special paint that forms colors when irradiated 
with the laser light is applied on the label surface, data 
can be recorded in the recording face by setting the 
recording face to face the optical pickup. Further, an image 
can be formed on the label surface by setting the label 
surface to face the optical pickup. 
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